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community	 prioritized	 terrestrial	 ecosystem	 parameters	 that	 could	 benefit	 from	 a	
more	consistent	approach	 to	data	collection	within	 the	 resources	available	at	most	
long-	term	 ecological	 observatories.	 Parameters	 for	which	 standard	methods	 are	 in	
widespread	 use,	 or	 for	 which	 methods	 are	 evolving	 rapidly,	 were	 not	 selected.	
Protocols	were	 developed	 by	 domain	 experts,	 building	 on	 existing	methods	where	
possible,	 and	 refined	 through	 a	 process	 of	 field	 testing	 and	 training.	 They	 address	
above-	ground	 plant	 biomass;	 decomposition;	 land	 use	 and	 management;	 leaf	 area	
index;	soil	mesofaunal	diversity;	soil	C	and	N	stocks,	and	greenhouse	gas	emissions	
from	soils.	These	complement	existing	methods	to	provide	a	complete	assessment	of	
ecological	 integrity.	These	protocols	offer	 integrated	approaches	 to	ecological	data	





seek	 to	keep	 the	Earth	system	within	 its	planetary	boundaries,	 it	 is	




responses	over	multiple	 scales	of	 space	 and	 time	 (Anderson,	Bales,	
&	Duffy,	 2008;	Heffernan	et	al.,	 2014;	Keller,	 Schimel,	Hargrove,	&	




2013).	As	with	 any	 sampling	 exercise,	 the	value	 of	 such	 data	 is	 in-
creased	when	they	are	obtained	to	common	standards	 (Keller	et	al.,	
2008;	Osenberg,	 Sarnelle,	Cooper,	&	Holt,	 1999).	 For	 example,	 the	
well-	resourced	US	National	Ecosystem	Observatory	Network	(NEON)	
uses	very	 tightly	specified	data	standards	 (Keller	et	al.,	2008),	while	





networks	 of	 Long-	Term	Ecological	 Research	 (LTER)	 sites	 around	 the	
world,	 established	 by	 local	 institutions	with	 interests	 in	 quantifying	
temporal	 ecosystem	 change	 in	 specific	 ecosystems.	Many	 of	 these	
sites	have	developed	impressive	time	series	of	data,	capable	of	being	
used	 in	ways	not	 imagined	when	data	 collection	 started:	For	exam-
ple,	soils	sampled	from	the	Rothamsted	classic	experiments	were	used	










yet	 are	 not	 already	 covered	 by	 international	 standard	 approaches.	













and	 the	 capability	 for	 ecological	 self-	organization	 is	 not	 disrupted.	









a	 questionnaire	 followed	 by	 a	workshop.	They	 cover	 a	 broad	 range	
of	ecological	 integrity	 indicators	for	which	the	development	of	stan-
dardized	protocols	was	regarded	as	having	scientific	value	and	broad	
acceptability.	They	were	proposed	 for	 use	by	 scientists	 across	 large	
numbers	of	sites	without	top-	down	funding	or	direction.	These	were	
















K E Y W O R D S
biogeochemical	cycles,	ecological	Integrity,	ecological	processes,	long	term	ecological	research,	
quality	assurance	of	ecological	data
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are	not	yet	integrated	into	a	formal	integrated	sampling	program.	It	is	
recommended	that	metadata	are	managed	using	Dynamic	Ecological	




is	 available	 online	 (http://www.expeeronline.eu/outputs/expeer-pro-
tocols.html)	and	as	supporting	information	(Appendix	S1).
3  | THE PROTOCOLS
3.1 | Land use and management
Land	 use	 and	management	 data	 are	 needed	 to	 define	 the	 ecologi-













•	 for	 field	 sites,	 vegetation	 cover	 as	 defined	 using	 Level	 3	 of	




•	 data	on	ecosystem	manipulations,	 including	 inputs,	outputs,	 agri-
cultural	and	forestry	management,	land	use	history	(if	known).












more	 traditional	 approaches	 based	 on	 the	 use	 of	 physical,	 chemi-
cal,	 and	microbiological	 indicators.	QBS-	ar	 indicates	 the	 degree	 of	
naturalness	 and	 degradation.	 The	 concept	 is	 that	 the	 higher	 the	



















Pauropoda)	 and	 order	 for	 insects,	 Chelicerata	 and	 Crustacea.	 The	
specimens	belonging	to	each	taxon	are	then	counted	and	separated	












A	 composite	 soil	 sample	 is	 taken	 from	 several	 spots	 around	 a	
central	 soil	pit,	either	by	soil	horizons	or	by	 fixed	depth	 intervals	of	
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3.4 | Decomposition
















hypothesis	 to	 be	 tested	 therefore	 determines	 substrate	 and	 mesh	
size.	After	several	weeks	or	months,	the	litterbags	are	re-	weighed;	the	
weight	loss	is	the	measure	of	decomposition	(e.g.,	Chen	et	al.,	2017).




















forests,	 the	 approach	 (following	Scarascia-	Mugnozza,	Oswald,	Piussi,	
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“energy	 budget,’	 indicating	 energy	 capture	 through	 photosynthesis,	
and	 also	 “Water	Budget,”	 relating	 to	 evapotranspiration.	 It	 is	 a	 key	
variable	in	various	models	of	Net	Primary	Production.
LAI	from	deciduous	trees	can	be	measured	using	standard	forestry	
procedures	 (ICP	Forests	2016),	by	collecting	 leaves	 falling	 into	 in	at	



















3.7 | Greenhouse gas emissions (GHGs) from soils
Soil	organic	carbon	(SOC)	and	soil	organic	nitrogen	are	major	sources	
of	the	three	main	GHGs,	namely	CO2,	N2O,	and	CH4.	GHG	emissions	
from	 soils	 are	 therefore	 central	 to	models	 of	 ecosystem	 processes	
and	 GHG	 inventories.	 They	 relate	 to	 the	 ecological	 integrity	 ele-
ments	“energy	budget”	and	“matter	budget.”	Significant	efforts	have	
already	been	made	toward	standardization	of	techniques,	mainly	by	






Currently,	 the	 two	most	widely	 used	methods	 are	 the	Non-	Steady-	
State	Through-	Flow	System	(NSS_TFS,	also	called	the	closed	dynamic	







ments	 are	 required.	N2O	and	CH4	 fluxes	 are	 normally	measured	by	
collecting	gas	samples	to	be	analyzed	later	in	the	laboratory	through	





fertilization,	 tillage,	 soil	poaching,	and	harvest	all	 influence	emission	
levels,	and	when	resources	are	limited,	sampling	should	be	more	fre-
quent	 around	 potential	 flux	 peaks,	 for	 example,	 rainfall,	 snow	melt,	
litterfall,	and	agricultural	activities.
4  | DISCUSSION
Large-	scale	 ecosystem	 research	 requires	 data	 that	 can	 be	 linked	
across	 sites	 in	 order	 to	 better	 understand	 earth	 system	 processes	
(Guo	&	Lin,	2016).	First	of	all,	 the	data	must	be	 findable	and	 freely	
available	 (if	 necessary,	 after	 an	 embargo	 time).	 Thus	Open	Science,	
Open	Data	and	Open	Access	initiatives	are	being	promoted	and	sup-
ported	by	 the	European	Community,	 national	 funding	 agencies	 and	
research	organizations	like	PEER	(http://www.peer.eu/).	Then,	either	





















ecological	 database	 that	will	 enable	much	 richer	 ecosystem	models,	
able	to	support	global,	regional	and	site-	based	decision	making.
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